The chemical composition of the essential oil obtained from the flowers of Caesalpinia peltophoroides Benth (Leguminosae) was determined using GC/FID and GC/MS analysis. Twenty-seven compounds were identified, including n-dodecanol (14.2%), n-tetradecanol (19.3%), and n-pentadecanol (5.6%), as well as methyl tetradecanoate (7.4%) and methyl hexadecanoate (12.7%) as main constituents. In vitro the cytotoxic activity of the crude essential oil was evaluated against six cancer cell lines -murine melanoma (B16F10-Nex2), human glioblastoma (U87), cervical carcinoma (HeLa), leukemia (HL-60), colon carcinoma (HCT), and melanoma (A2058). The essential oil had significant cytotoxic activity on U87, HCT, and A2058 cell lines. The IC 50 values found were lower than those determined for the positive control, cisplatin, suggesting that the oil could be a source of new antineoplastic agents.
Essential oils and their components are of current interest due to their pharmacological potential, which includes cytotoxic activity [1a,1b] . The essential oils from the leaves of Schinus terebinthifolius displayed in vitro cytotoxicity, with and -pinene being responsible for the observed activity [2a,2b] . Additionally, the essential oil obtained from Melissa officinalis L. showed cytotoxic activity against some human cancer cell lines (lung, colon and breast carcinomas and leukemia), as well as on murine melanoma cells (B16F10) [3] . Other reports also described the cytotoxic activity of leaf oils from Myrica gale L. and Croton flavens L. against human colon carcinoma [4a,4b] , while the essential oil of Salvia bracteata and S. rubifolia [5] displayed an inhibitory effect on the proliferation of human melanoma cells.
The reduction in cell proliferation and cell viability induced by essential oils is commonly related to cell cycle arrest and/or to cell death (apoptosis or necrosis). As demonstrated, the cytotoxic activity of the essential oil of Eucalyptus benthamii is related to its capacity to induce apoptosis in leukemia and cervical cancer cells [6] . Several members of the genus Caesalpinia have been used in folk medicine for their anti-inflammatory, antioxidant, antibacterial, antifungal, antidiabetic, antipyretic and antitumor proprieties [7a-e] . There are few studies reporting the chemical composition and pharmacological proprieties of the extracts and/or essential oils from this genus. Phytochemically, C. benthamiana, C. bonducella, C. mimosoides, C. digyna, and C. paraguaiensis showed the presence of flavonoids, diterpenes and steroids, many of which had biological activity [8a-e] . It was reported that the chloroform extract of C. sappan L. induces apoptosis in oral cancer cells. Isoliquiritigenin 2'-methyl ether, isolated from the heartwood of this species, was shown to inhibit the growth of oral cancer cells in a time and dose dependent manner [9a,9b] . The extract of the fruits of C. ferrea displayed antitumor activity [10] , while caesalpinolide A and B, two compounds isolated from the extract of C. bonduc, reduced the viability of breast cancer cell lines [11] .
C. peltophoroides Benth, a large tree native to Brazil and known as sibipiruna, occurs mainly in Rio de Janeiro (rainforest), Bahia, and Mato Grosso (pantanal) States. It produces yellow flowers arranged in clusters between August and November [12] . As part of our ongoing studies devoted to the investigation of the bioactive volatiles from Brazilian plants [13a,13b] , we report here the chemical composition of the essential oil from the flowers of C. peltophoroides and its cytotoxic activity against cancer cell lines.
The essential oil, extracted by hydrodistillation using a Clevengertype apparatus, was obtained in a yield of 0.01%, based on the fresh weight of leaves. The oil was analyzed by GC-FID and GC-MS and the identification of the individual compounds was achieved by comparison of the retention indexes (determined relative to the retention times of a series of n-alkanes) and the recorded mass spectra [14] with those available in the literature. Twenty-seven compounds were identified, corresponding to 79.3% of the total identified volatiles ( Table 1) . The major identified constituents were aliphatic alcohols (39.1%) and esters (25.2%), of which ndodecanol (14.2%), n-tetradecanol (19.3%) as well as the methyl esters of tetradecanoic (7.4%) and hexadecanoic (12.7%) acids were the main compounds. Sesquiterpenes, found in relatively small amount (5.4%), included -cadinol (0.2%), germacrone (0.8%), amorpha-4,9-dien-14-ol (0.3%), 2,7(14)-bisaboladien-12-ol (0.9%), -costol (1.4%) and cryptomeridiol (1.7%). The diterpene nezukol was also detected (1.7%), while no monoterpene was identified.
The in vitro antitumor activities of the oil, as well as of the positive control (cisplatin), were evaluated against a panel of six tumor cell lines (B16F10-Nex2, A2058, HTC, U87, HeLa, and HL-60). The obtained IC 50 values are shown in Table 2 . The essential oils displayed a relative high activity against U87, HCT, and A2058 cell lines (IC 50 values of 20.0 ± 0.03, 24 ± 1 and 25 ± 6 μg/mL, respectively), indicating that the oil is approximately twice more active than the positive control (cisplatin). On the contrary, the oil was less active against B16F10-Nex2 and HeLa cells in comparison with the positive control and displayed a similar activity against HL-60 cells (21 g/mL). Based on the criterion of the American National Cancer Institute to consider a crude extract promising for further purification by presenting an IC 50 value lower than 30 µg/mL [15] , the essential oil displayed promising activity against human tumor cell lines, mainly glioblastome and colon carcinoma, higher than the positive control (cisplatin). Of relevance is that the essential oil from Rhizoma curcuma induced both cell cycle arrest and apoptosis in breast cancer cell lines (MCF-7 and MDA-MB-231) and the compound responsible for this activity was germacrone [16] . In the essential oil used in this study, this compound was found in low amount (0.8%), suggesting that it may also contribute to the cytotoxicity. Other sesquiterpenes also found in this oil have been reported for their antitumor activities [171a,17b] , suggesting that the cytotoxicity of the oil could be attributed to the presence of these compounds. Further, it has been reported that aliphatic compounds, such as palmitic and hexadecanoic acids, are responsible for strong cytotoxicity against cancer cells [18] and, considering the presence of a significant quantity of such compounds in the studied oil, it is reasonable to propose that these compounds may also contribute to the observed cytotoxicity. Furthermore, we cannot discard the possibility of synergistic effects between the different chemical compounds of this essential oil.
The cytotoxicities observed for this oil provide preliminary data to help us select compounds with promising cytotoxicity for further investigations.
Experimental
Plant material: Flowers of C. peltophoroides were collected in Alfenas, Minas Gerais State, Brazil in November, 2011 (Latitude: 21°25'45'' South and Longitude: 45°56'50'' West. The plant was identified by Prof. M. Polo (UNIFAL, Alfenas/MG) and the voucher specimen was compared with that under number UALF-1634.
Extraction of the essential oil:
The fresh flowers (300 g) were extracted by a steam distillation in a Clevenger type apparatus for 4 h, giving the essential oil (30 mg, yield 0.01%) after drying (Na 2 SO 4 ). Chemical analyses of the obtained crude oil were immediately performed.
Compound identification:
The oil was analyzed by FID-GC and GC-MS and compounds were identified by comparisons of retention indexes (determined relatively to the retention times of a series of n-alkanes) and recorded mass spectra with those available in the system [14] . GC chromatograms were obtained on a Shimadzu GC-2010 gas chromatograph equipped with a FIDdetector and an automatic injector (Shimadzu AOC-20i) using a RtX-5 capillary column (5% phenyl, 95% polydimethylsiloxane, 30 m × 0.25 mm × 0.25 μm film thickness, Restek, USA). Analyses were performed by injecting 1.0 μL of a 1.0 mg/mL solution of volatile oil in CH 2 Cl 2 in split mode (1:30) employing helium as the carrier gas (1 mL/min) under the following conditions: injector and detector temperatures 220°C and 250°C, respectively; oven programmed temperature from 60-240°C at 3°C/min, holding 5 min at 240°C. The percentage compositions of the oil samples were computed by internal normalization from the GC peak areas without using correction for response factors. GC/MS analysis was conducted in a Shimadzu GC-17A chromatograph interfaced with a MS-QP-5050A mass spectrometer. Helium was used as the carrier gas. The MS operating conditions were an ionization voltage of 70 eV and an ion source temperature of 230°C with the same conditions described above.
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Natural Product Communications Vol. 8 (5) In vitro cytotoxic activity: The oil was re-suspended in DMSO at a final concentration of 10 mg/mL, and finally diluted in complete RPMI medium supplemented with 10% fetal calf serum. Different concentrations of the essential oil, ranging from 100 to 0 μg/mL, were incubated with 1 × 10 4 cells in a 96-well plate at 37°C and 5% CO 2 . After 24 h of incubation, cell viability was assessed using the Cell Proliferation Kit I (MTT) (Sigma), and a MTT-based colorimetric assay, as previously described [2a] . Readings were made in a plate reader at 570 nm with a reference of 650 nm. All experiments were performed in triplicate using cisplatin (Sigma) and DMSO 1% as positive and negative controls, respectively.
